Several autonomous rodent parvoviruses distinct from the prototypic rodent parvoviruses have been isolated. These include variants of a mouse parvovirus (MPV), a hamster isolate designated hamster parvovirus (HaPV), and a variant strain of minute virus of mice (MVM) designated MVM-Cutter or MVM(c). In this study, the DNA sequence of the coding regions of the viral genome and the predicted protein sequences for each of these new isolates were determined and compared to the immunosuppressive and prototypic strains of MVM [MVM(i) and MVM(p)], the rodent parvovirus H-l, and LulII, an autonomous parvovirus of uncertain host origin. Sequence comparisons showed that the MPV isolates were almost identical, HaPV was very similar to MPV, and MVM(c) was most similar to MVM(i) and MVM(p). Haemagglutination inhibition assays revealed that MPV and HaPV represent two serotypes distinct from previously characterized rodent parvovirus serotypes while MVM(c) belongs to the MVM serotype. Each of the newly isolated rodent parvoviruses was shown to encapsidate a predominantly negative-sense 5 kb DNA genome and to encode two nonstructural proteins (NS1 and NS2) and two structural viral proteins (VP1 and VP2). These studies indicate that MPV and HaPV are autonomous parvoviruses distinct from previously characterized parvoviruses and MVM(c) is a variant strain of MVM distinct from MVM(i) and MVM(p).
Introduction
The autonomous parvoviruses are small (15-28nm) nonenveloped icosahedral viruses that encapsidate a single-stranded DNA genome approximately 5 kb in length. They encapsidate predominantly negative-sense DNA, with the exception of the autonomous parvovirus LulII which packages approximately equal amounts of positive-and negative-sense DNA (Bates et al., 1984) . Autonomous parvovirus replication requires the presence of certain host cellular factors expressed during the S phase of the cell cycle, but is independent of helper viruses. Autonomous parvoviruses are generally hostspecific, but there are examples of autonomous parvoviruses infecting taxonomically related host species as in * Author for correspondence. Fax + 1 314 882 2950. e-mail vmlelar @vetmed.vetmed.missouri.edu 5 Present address: Department of University Animal Care, University of Arizona, Tucson, Arizona 85724, USA.
The nucleotide sequences reported in this paper have been submitted to GenBank and assigned the following accession numbers: MPV-lb, U34253; MPV-lc, U34254; HaPV, U34255; MVM(c), U34256. the canine parvovirus (CPV), feline parvovirus (FPV), mink enteritis virus group (Parrish, 1990) . Relatedness of parvoviruses has traditionally beendeterminedbyhaemagglutination inhibition (HAI) or serum neutralization assays (Siegl, 1984) and more recently by genomic sequence analysis (Truyen et al., 1995) .
The molecular biology of minute virus of mice (MVM) has been well-characterized and is representative of a subgroup of related autonomous parvoviruses that includes Kilham rat virus (KRV), H-I, CPV, FPV and porcine parvovirus (Cotmore & Tattersall, 1987) . MVM produces three mRNA species, R1, R2 and R3, that all terminate at a single polyadenylation site at genomic map unit (m.u.) 95 (Clemens & Pintel, 1987) . R1 arises from the P4 promoter (m.u. 4) and encodes the multifunctional 83 kDa phosphoprotein NS1 that is required for viral DNA replication and transactivation of the P38 promoter (m.u. 38) (Cotmore & Tattersall, 1986) . R2 also arises from the P4 promoter, but a large intron between nucleotides 514 and 1989 is spliced out of the primary transcript. R2 generates the smaller 23 to 25 kDa phosphoprotein NS2 that is required for viral replication in a cell-type dependent manner (Cotmore & Tattersall, 1986; Naeger et al., 1990) . R3 arises from the P38 promoter and encodes two structural viral proteins, 0001-3621 © 1996 SGM
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the 83 kDa VP1 and the 64 kDa VP2. A third structural viral protein, the 61 kDa VP3, is produced by proteolytic processing of VP2 near the trypsin-sensitive RVER motif located at VP2 amino acids 19-22 (Tattersall et al., 1976) . Alternative splicing of two donor sites and two acceptor sites between m.u. 44 and 46 determines the relative ratio of VP1 to VP2 produced during infection and also results in three isoforms of NS2 that have different carboxy termini (Clemens et al., 1990; Cotmore & Tattersall, 1990; Jongeneel et al., 1986; Morgan & Ward, 1986) .
Several rodent parvoviruses distinct from the prototypic rodent parvoviruses MVM, H-1 and KRV have recently been isolated. These include variants of a mouse parvovirus (MPV), a hamster isolate designated hamster parvovirus (HaPV), and a variant strain of minute virus of mice designated MVM Cutter or MVM(c). MPV-1 was first isolated from routine cytotoxic T cells as a cell culture contaminant (McKisic et al., 1993) and preliminary molecular characterizations of this isolate indicate that it is an autonomous parvovirus with a nonstructural protein coding region similar to the immunosuppressive strain of MVM [MVM(i)] and a capsid protein encoding region similar to LuIII, an autonomous parvovirus of uncertain host origin (BallGoodrich & Johnson, 1994) . MPV-lb is from the same origin as MPV-1 but has been adapted to another cell line for propagation. MPV-1 causes subclinical infections in mice with no associated gross or histological lesions (Smith et al., 1993) as does MPV-lc, a variant of MPV-1 sequenced directly from the tissues of a naturally infected Swiss mouse (D. Besselsen, unpublished observations) . HaPV was originally isolated from a hamster from a breeding colony experiencing runting, tooth loss and neonatal mortality (Gibson et al., 1983) . This isolate has been successfully propagated in vitro and experimental infections with HaPV in neonatal hamsters have reproduced the pathology observed during the initial outbreak of disease (D. Besselsen, unpublished results). MVM(c) was originally isolated as a contaminant of BHK-21 cells that were being used to produce a recombinant protein in a commercial laboratory (J. Kates, personal communication). The isolate was initially identified as MVM by mouse antibody production testing. Subsequent cloning and sequencing of part of the capsid gene of MVM(c) revealed several coding changes in the nucleic acid sequence as compared to MVM(i) and the prototypic strain of MVM [MVM(p) ], suggesting that this isolate was distinct from MVM(i) and MVM(p) .
The present studies were undertaken to characterize MPV-lb, MPV-lc, HaPV and MVM(c) at the molecular level. The entire coding region of the genome for each isolate was sequenced by PCR. The DNA and predicted protein sequences for each isolate were then compared with those of the other new isolates, the prototypic rodent parvoviruses and LuIII. The serotype, strand encapsidation ratios and protein profiles were determined for MPV-lb, HaPV and MVM(c) . The data from these studies were then analysed to examine the relationship among the new isolates, the prototypic rodent parvoviruses and LuIII.
Methods
Virus isolates and propagation. MPV-lb was grown in murine cytotoxic T cells (CTLL-2; ATCC TIB 214), HaPV and MVM(c) were grown in baby hamster kidney cells (BHK-21; ATCC CCL 10), LulII and H-1 parvoviruses were grown in 324K simian virus 40-transformed human newborn kidney cells (Shein & Enders, 1962) , MVM(i) was grown in murine T lymphoma cells ($49.1TB.2; ATCC TIB 30), MVM(p) was grown in murine A92L fibroblasts (Tattersall & Bratton, 1983) and KRV was grown in rat glial tumour cells (C 6 Glial; ATCC CCL 107). All cells were grown in Dulbecco's modified Eagle's medium (Hazleton) containing 10 % Serum-plus (JRH Biosciences) at 37 °C in a 10% CO 2 atmosphere, except for CTLL-2 cells, which were grown in RPMI medium (Sigma) supplemented with 10 % Serum-plus, 15 mM-HEPES, 2 mM-sodium pyruvate and 10 U human recombinant IL-2 (Gibco BRL) per ml of medium.
The TCIDs0 for each virus stock was determined in 96-well microtitre plates using seeding densities of 2-5 × 10 ~ cells per well for CTLL-2 cells and 5 x l0 s cells per well for all other cell lines. CPE was used to indicate infection for all virus isolates except MPV-lb. MPV-lb infectivity was detected by an indirect fluorescent antibody technique with antibody from a mouse infected with MPV. Virus preparations were made by infecting mammalian cells at an m.o.i, of 0.1 and incubating cultures at 37 °C until approximately 90% of the cells exhibited CPE. Crude cell lysates were prepared by subjecting the infected cells and media to four freeze-thaw cycles. Alternatively, concentrated virus preparations were made from the infected cells. To accomplish this, cell pellets were collected by centrifugation (10 rain at 500 g), resuspended in 1/10 vol. of Tri~EDTA (50 mM-Tris, 10 mM-EDTA, pH 8"5), and subjected to four freeze-thaw cycles. Cellular debris was removed by centrifugation (10min at 1000g) and supernatants containing concentrated virions were collected.
MPV-lc was isolated from a CR:NIH(s) mouse from a colony serologically positive for MPV. A homogenate of liver and kidney from this mouse was co-cultivated with CTLL-2 cells for approximately 1 week and a crude cell lysate was prepared as above and used as template for sequencing. Subsequent passage of the MPV-lc inoculated CTLL-2 cells failed to support virus growth as detected by a parvovirusspecific PCR assay (C. Besch-Williford, unpublished results).
Oligonueleotide primers. Oligonucleotide primers were synthesized at the DNA Core Facility, University of Missouri, Columbia, Miss., USA. Primer sequences were selected on the basis of sequence alignments performed in the EuGene software package (Baylor College of Medicine, Houston, Tex., USA) and were selected to produce overlapping, 300 to 400-bp-long segments of the virus genome. Primers were initially designed from sequences which were highly conserved among MVM(i), MVM(p) and H-1. As sequence data for MPV-Ib, MPV-lc, HaPV and MVM(c) became available, these data were also utilized for primer design.
PCR amplification. All reactions were performed in a 100 gl volume in either an automated Perkin-Elmer 480 thermocycler or an automated Coy thermocycler. Each reaction mixture contained 10 lal of a crude cell lysate of each virus as template DNA, 1 gM each oligonucleotide primer, 10 mM-Tris-HC1 (pH 8-3), 1.5 mM-MgC12, 50 mM-KC1, 0-2 mM each deoxynucleoside triphosphate (dATP, dCTP, dGTP, dTTP) and 2.5 U of Taq polymerase (Boehringer Mannheim). PCR consisted of 5min denaturation at 94°C, followed by 35 cycles of 1 rain denaturation at 94 °C, 1 rain annealing at 40 °C and 2 rain elongation at 72 °C. PCR products (10 gl) were electrophoretically separated in a 3 % NuSieve agarose gel (FMC BioProducts) stained with ethidium bromide, and visualized by UV light. DNA markers of known sizes were run on each gel to facilitate determination of the sizes of the reaction products.
DNA sequencing and analysis. The 300M00-bp-long amplified products were purified on 3-5 % polyacrylamide gels, and the sequences were determined by the Taq dideoxy-chain termination method with a commercially available kit (Taq Dye Deoxy Terminatory Cycle Sequencing Kit; Applied Biosystems). At least two different initial amplification products were gel-purified for each virus, and each gelpurified preparation was sequenced at least once in each direction. Sequence data were analysed with both the EuGene and the Genetics Computer Group software packages. The program used is indicated in each figure legend and the parameters used were default settings unless otherwise indicated.
Serotyping. HAI assays were performed with 8 haemagglutinating units of each virus as antigen. All sera were heat-inactivated for 30 min and treated with kaolin as previously described (Clarke & Casals, 1958) . Sera were incubated with virus for 1 h at 35 °C, erythrocytes were added, and after 1 h at room temperature each well was examined for haemagglutination. A 0-5% mouse erythrocyte suspension was used as the indicator for MPV-lb, HaPV, LuIII and MVM(c), and a 0.4 % guinea-pig erythrocyte suspension was used as the indicator for MVM(p), H-1 and KRV. Antisera were from mice naturally infected with either MPV or MVM, hamsters experimentally infected with HaPV, guinea-pigs immunized with LuIII or MVM(c), or rats naturally infected with H-1 or KRV.
Single strand encapsidation ratio. Duplicate Southern blots containing approximately equivalent DNA levels of each virus were probed with radiolabelled strand-specific riboprobes and band densities were quantitated by phosphorimaging (Molecular Dynamics). The relative amounts of positive-and negative-sense DNA encapsidated by each virus were corrected for probe specific activity by adjusting for the hybridization of each probe to the linearized, double-stranded MVM(p) infectious clone present on each blot. The riboprobes were transcribed from SP6 driven clones containing MVM(p) nucleotides 1854-2378 in both orientations as previously described (Schoborg & Pintel, 1991) . This region of MVM(p) is well-conserved among all of the parvoviruses examined.
Protein analysis. CTLL-2 cells were seeded at a density of 2 x 105 cells per 75 cm 2 flask and were infected immediately with MPV-lb at an m.o.i, of 2.5-5. BHK-21 cells were seeded at a density of 2 x 106 cells per 100ram plate and infected at 20h with HaPV, MVM(c) or MVM(p), again at an m.o.i, of 2.5-5. Mock infections were also prepared for each cell type. Cell pellets were collected at 30 h (BHK-21) or 48 h (CTLL-2) post-inoculation by centrifugation at 500g for 10 vain, washed once in cold PBS, pelleted again by centrifugation at 3000 g for 5 min, and resuspended in 10 raM-phosphate buffer. After an aliquot was taken from each preparation for a bicinchoninic acid protein determination (Smith et al., 1985) , each pellet was resuspended 1:1 in Laemmli buffer, heated to 100 °C for 2 min, and stored at -20 °C until use. Approximately 3(~50 gg of each protein preparation per lane was loaded onto an SDS-12% polyacrylamide gel, electrophoresis was carried out, and proteins were transferred to nitrocellulose membranes. Protein-impregnated membranes were incubated sequentially with primary antibodies (described below), affinity-purified biotinylated goat anti-rabbit immunoglobulin G antibody (Vector Laboratories) diluted 1 : 500, Vectastain ABC solution (Vector Laboratories), and TMB membrane peroxidase substrate (Kirkegaard & Perry Laboratories) according to the manufacturers' instructions.
Antisera. Antisera for LuIII and MVM(c) for HAI serotyping were prepared in male strain t3 guinea-pigs determined to be free of rodent parvovirus infection by serological testing. Guinea-pigs were obtained from the National Cancer Institute (Frederick, Md., USA) and housed in accordance with the NIH Guide for the Care and Use of Laboratory Animals (National Institutes of Health, 1985) . A volume of concentrated LuII! or MVM(c) virus was emulsified into an equal volume of TiterMax adjuvant (Vaxcel) and each guinea-pig was immunized intramuscularly with 80 lal of one of the antigen emulsions divided over two sites. Each guinea-pig was boosted 2 weeks after the first immunization and again 2 months later.
Antisera used for the Western blots have been described in detail elsewhere. Briefly, rabbit antiserum specific for NS1 was prepared against a synthetic peptide of 16 amino acids from the carboxy terminus of MVM NS 1 (Cotmore & Tattersall, 1988) , rabbit antiserum specific for NS2 was prepared against a fusion protein containing a portion of the carboxy terminus of MVM NS2 (Cotmore & Tattersall, 1986) , and rabbit antiserum specific for capsid proteins was prepared against gradient-purified MVM capsids (Schoborg & Pintel, 1991) .
Results

DNA sequence analysis
Genomic sequence corresponding to that of MVM(i) nucleotides 141-4850 was obtained for MPV-lb, MPVlc, HaPV and MVM(c). Sequence alignment of these viruses with other rodent autonomous parvoviruses revealed that portions of the genome previously determined to be important in transcription, mRNA processing and translation of prototypic rodent parvoviruses were conserved among the four newly isolated rodent parvoviruses (Fig. 1) . Conserved regions included the P4 and P38 TATA boxes and SP1 binding sites, the TAR element associated with the P38 promoter, the small and large intron donor and acceptor sites, the polyadenylation site, and the start and stop codons for the NS1, VP1 and VP2 proteins. Variations of the 55 65-nucleotide-long repeats located in the 3' untranslated region of the prototypic rodent parvoviruses were observed in the newly isolated rodent parvoviruses. MPV-lb, MPV-lc, HaPV and MVM(c) all had a 12 nucleotide deletion in the first repeat as compared to MVM(p); MVM(c) also had a four nucleotide deletion in the second repeat. The unique A-T rich region located at m.u. 89 of LuIII was not observed in any of the newly isolated rodent parvoviruses.
Nucleotide sequence identities were determined for the newly isolated rodent parvoviruses and other auton- Table 1 . The nucleotide sequences for MPV-lb and MPV-lc were almost identical to each other and to the sequence previously reported for MPV-1. In addition, the nucleotide sequence obtained for HaPV was very similar to the sequences of the MPV isolates. When the nucleotide sequences of the newly isolated rodent parvoviruses were compared to those of the well-characterized autonomous parvoviruses, MPV-lb and MVM(c) were found to be most similar to MVM(i), MPV-lc was equally similar to MVM(i) and LuIII, and HaPV was most similar to LuIII. Subsequent studies were performed only with the newly isolated rodent parvoviruses, the prototypic rodent parvoviruses and LuIII, on the basis of these DNA sequence comparisons.
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Protein sequence analysis
The predicted proteins for each newly isolated parvovirus were translated from the genomic DNA sequences, aligned with those of the prototypic rodent parvoviruses and LuIII, and the percentage amino acid similarities and identities for each protein comparison were calculated. The NS1 proteins of MPV-lb and MPV-lc were most similar to those of MPV-1 and MVM(i), while the NS1 proteins of HaPV and MVM(c) were most similar to each other; however, all of the rodent parvoviruses exhibited a large degree of NS-1 protein similarity (95-100 %) (Table 2a) . Translation of the NS2 proteins for the newly isolated parvoviruses revealed no amino acid changes in the second exon or in the carboxy terminus of the two predominant isoforms as compared to MVM(p). However, several variations were observed at amino acid positions 185, 187 and 195 of the rare isoform of NS2 that utilizes the small intron donor one and acceptor two sites (Fig. 2) . Comparisons of the predicted VP1 amino acid sequences showed that MPVlb, MPV-lc and MPV-1 were nearly identical to each other and very similar to HaPV. When compared to the 
LGTSRLQVPGTRKQP@ previously characterized parvoviruses the MPV isolates and HaPV were most similar to LuIII, while MVM(c) was most similar to MVM(i) and MVM(p) ( Table 2b) . Alignment of the VP1 amino acid sequences showed conservation of the VP2/VP3 cleavage site and the polyglycine sequence located at the amino terminus of VP2. This alignment also revealed that the amino acids which are the primary determinants of the fibroblastspecific tissue tropism of MVM (Ball-Goodrich & Tattersall, 1992) , commonly referred to as the MVM allotropic determinants, were identical for MVM(c) and MVM(p). In contrast, MPV-lb, MPV-lc and HaPV all differed from MVM(i) and MVM(p) in the amino acid in the first position of the determinant (Fig. 3) .
Serotyping
HAI assays were utilized to serotype the newly isolated rodent parvoviruses (Table 3) . MPV, HaPV and LuIII antisera each strongly inhibited haemagglutination by the homologous virus. To a limited extent, MPV antisera also inhibited haemagglutination by HaPV, and HaPV antisera inhibited haemagglutination by MPV-lb and LuIII. Sera from guinea-pigs immunized with MVM(c) and from mice naturally infected with MVM each strongly inhibited haemagglutination by both MVM(c) and MVM(p). Sera from rats naturally infected with either H-1 or KRV were only able to inhibit haemagglutination by H-1 and KRV, respectively.
Single-strand encapsidation ratio
The relative amount of positive-and negative-sense DNA encapsidated by MPV-lb, HaPV, LuIII, MVM(c), MVM(i) and MVM(p) was determined by preparing duplicate Southern blots and hybridizing one with a radiolabelled positive-sense riboprobe and the other with a radiolabelled negative-sense riboprobe. The mean percentage negative-sense DNA encapsidated by each virus is shown in Table 4 . MPV-lb, HaPV, MVM(c), MVM(i) and MVM(p) all encapsidated predominantly negative-sense DNA while LuIII encapsidated only slightly more negative-sense DNA than positive-sense DNA. Southern blots also showed that MPV-lb, HaPV and MVM(c) all generated bands consistent with a 5 kb single-strand genome and 5 kb and 10kb doublestranded DNA replicative forms (data not shown).
Western blots
Protein preparations of cells that were either mockinfected or infected with MPV-lb, HaPV, MVM(c) or MVM(p) were subjected to electrophoresis on polyacrylamide gels, transferred to nitrocellulose, and probed with antibodies directed against the NS1, NS2 and viral capsid proteins of MVM(p). MPV-lb, HaPV and MVM(c) all displayed an 83 kDa band consistent with NS 1 on blots probed with anti-NS 1 antibody (Fig. 4 a) . When probed with the anti-NS2 antibody, MPV-lb, HaPV and MVM(c) displayed bands in the 22.5-24 kDa range consistent with the size of NS2, although there appeared to be less NS2 protein present for each of these viruses as compared to the amount of NS2 produced by MVM(p) (Fig. 4b) . A 64 kDa band consistent with the size of VP2 was observed for MPV-lb, HaPV and MVM(c) when a blot was probed with antibody prepared against purified MVM capsids (Fig. 4 c) .
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Discussion
Examination of genomic DNA sequence alignments of the newly isolated and prototypic rodent parvoviruses indicates that all of these viruses share a common genetic organization with conservation of promoter regions, splice junctions and translation start and stop codons. The functionality of these genetic regions is supported by the identification of proteins produced by the newly isolated viruses that correspond to proteins produced by the well-characterized, prototypic parvoviruses. Other characteristics of the newly isolated rodent parvoviruses that are similar to other autonomous parvoviruses include a single-stranded DNA genome approximately 5 kb in size, replication through double-stranded DNA intermediates without the aid of a helper virus (data not shown), encapsidation of predominantly negative-sense DNA, and the ability to haemagglutinate erythrocytes. All of these data support the classification of these new viral isolates as autonomous parvoviruses.
Nucleic acid and protein sequence alignments and comparisons provide some insight into the relatedness of the various rodent parvoviruses. As expected, the nucleotide and protein sequences of MPV-lb agree well with the sequences previously reported for MPV-1 (BallGoodrich & Johnson, 1994) . The differences between our MPV-lb sequence and that reported for MPV-1 may be due to the adaptation of MPV-lb to the CTLL-2 cell line. This hypothesis is supported by the fact that five of the six amino acids that differ between the NS 1 and VP 1 proteins of MPV-lb and MPV-1 are identical for MPVlc and MPV-1. MPV-lc is 98 % identical to the DNA and protein sequences of MPV-lb and MPV-1, and is most likely representative of the MPV that is currently widespread in many laboratory mouse colonies since it was sequenced directly from a naturally infected mouse. Comparison of the DNA and protein sequences of MPVlb and MPV-lc with those of the prototypic rodent parvoviruses and LuIII indicate that MPV-lb and MPVlc are most similar to MVM(i) in the nonstructural protein coding region of the genome, but are most similar to LuIII in the capsid protein coding region of the genome. HaPV is most similar to the MPV isolates in overall nucleotide sequence and VP1 amino acid sequence, but is most similar to MVM(c) in NS1 amino acid sequence. This latter finding may represent an adaptation of HaPV and MVM(c) to the BHK-21 cell line that is used to propagate both viruses. When compared to the prototypic rodent parvoviruses and LuIII, HaPV VP1 is most similar in amino acid sequence to LuIII VP 1. Collectively, these findings suggest that the MPV isolates are variants of the same virus, HaPV is a distinct virus that is closely related to MPV, and when compared to previously characterized parvoviruses both MPV and HaPV are most similar to MVM in the nonstructural coding region but are most similar to LuIII in the capsid coding region. MVM(c), on the other hand, is most similar to MVM(i) and MVM(p) with 95 % nucleotide sequence identity and 98 % VP1 amino acid similarity to the two MVM allotropic variants.
MVM, H-l, KRV, LuIII and, most recently, MPV represent the distinct serotypes of parvoviruses that can infect rodents. In our studies, haemagglutinating antigen and/or antiserum for each of these viral serotypes and for MPV-lb, HaPV and MVM(c) were used to help define the serotypes of these newly recognized parvoviruses. MPV antiserum was able to inhibit haemagglutination by HaPV, and HaPV antiserum was able to inhibit haemagglutination by MPV-lb and LuIII, although inhibition of haemagglutination by the heterologous viruses occurred at much lower antibody titres than that seen with the homologous virus in all cases. This is similar to the serological relationship of CPV and FPV (Siegl, 1984) , and therefore suggests that MPV, HaPV and LuIII should be considered distinct serotypes. The reason for the non-reciprocal cross-inhibition of haemagglutination between HaPV and LuIII is unknown. Cross-inhibition of haemagglutination at high titres was observed for MVM(c) and MVM(p) and supports the classification of MVM(c) as a variant of MVM. Previous reports have mapped the amino acids involved in haemagglutination by CPV and FPV and suggest that slight conformational changes, as opposed to differences in amino acids located on the capsid surface, induce the differences observed in the pH dependence of haemagglutination between these two isolates (Parrish, 1991) . Further studies will be required to determine if slight conformational changes or surface amino acid changes are responsible for the various levels of cross-reactivity among the MPV, HaPV and LuIII haemagglutinins.
Several regions of diversity among the newly isolated rodent parvoviruses, the prototypic rodent parvoviruses and LuIII are readily apparent upon examination of the VP1 amino acid sequence alignment. Many of these regions of diversity correspond to regions that are located at or near the surface of the capsid, as determined by extrapolation from the three-dimensional structure of CPV (Tsao et al., 1991) and the VP1 structural sequence alignment of MVM and CPV (Chapman & Rossman, 1993) . These differences in the capsid region probably play a role in the tissue tropism and haemagglutinating ability displayed by the newly isolated rodent parvoviruses as has been shown for MVM(i) and MVM(p) (Ball-Goodrich & Tattersall, 1992) and for CPV and FPV (Chang et al., 1992; Parrish, 1991) . It is interesting that MVM(c) differs from MVM0) and MVM(p) in that it cannot haemagglutinate guinea-pig erythrocytes (D. Besselsen, unpublished results). In addition, MVM(c) does not replicate efficiently in murine A92L fibroblasts (D. Besselsen, unpublished results) even though it has the same amino acids in the allotropic determinant positions as does MVM(p) (Ball-Goodrich & Tattersall, 1992) . Further examination of the amino acid dissimilarities in the capsid proteins of MVM(c), MVM(i) and MVM(p) might reveal additional amino acids that contribute to these phenotypic differences.
Evaluations of the encapsidation strand-specificity indicate that all of the newly isolated rodent parvoviruses package predominantly negative-sense DNA. This is interesting in view of the nucleic acid and protein sequence similarities of MPV, HaPV, MVM and LuIII, since LuIII packages approximately equal amounts of positive-and negative-sense DNA. However, the A-T rich nucleotide sequence located at m.u. 89 of LuIII, postulated to be responsible for the packaging of equal amounts of positive-and negative-sense LuIII DNA (Diffoot et al., 1993) , is not present in any of the newly isolated parvoviruses. Therefore, the finding of predominantly negative-sense strand encapsidation by the newly isolated rodent parvoviruses is consistent with the hypothesis regarding the proposed function of the LuIII A-T rich nucleotide sequence.
The protein profile determined for each of the newly isolated rodent parvoviruses is similar to that of other autonomous parvoviruses. Bands consistent with the sizes previously reported for the NS1, NS2 and VP2 proteins were detected by Western blotting for MPV-lb, HaPV and MVM(c). The amount of NS2 protein detected for each of these three viruses was less than that detected for MVM(p) when compared to the relative level of NS1 protein produced by each of these viruses. MVM(i) also produces less NS2 protein than MVM(p) relative to the amount of NS1 produced, and this finding correlates with a decreased relative abundance of R2 mRNA (Ball-Goodrich & Tattersall, 1992) . It is interesting to speculate that less abundant NS2 may reflect differences in the potential branchpoint for the large intron of R2 which is conserved among MPV-lb, HaPV, MVM(c) and MVM(i), but distinct for MVM(p). In addition, the NS2 proteins of MPV-lb, HaPV, MVM(c) and MVM(p) varied slightly in size. This size difference could represent various levels of phosphorylation of the TATTERSALL, P., CAWTE, P. J., SHATKIN, A. J. & WARD, D. C. (1976 (Received 11 September 1995 ; Accepted 14 December 1995) 
